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Abstract— An integration of a Permanent Magnetic 
Synchronous Generator (PMSG) based Wind Energy Conversion 
System (WECS) into a microgrid is discussed in this paper. A 
back-to-back Voltage Source Converter (VSC) is employed for 
the power conversion from the PMSG to the AC grid. The 
Sinusoidal Pulse Width Modulation (SPWM) technique is 
adopted for the Wind-side Converter (WSC), while for the Grid-
side Converter (GSC), Space Vector Pulse Width Modulation 
(SVPWM) is applied. A Maximum Power Point Track (MPPT) 
control scheme called the Optimal Power Control (OPC) is used 
for the WSC to draw the maximum power from wind energy. 
The DC voltage of the back-to-back converter is controlled by the 
GSC. The microgrid contains a microturbine and a diesel 
generator, along with loads. The power flow from the WECS to 
the microgrid is controlled through another back-to-back 
converter. Four different cases are studied to validate the 
performance of the WECS integration with the microgrid system. 
Keywords— PMSG; WECS; WSC; GSC; PWM; MPPT; OPC; 
microgird  
I.  INTRODUCTION 
 Consuming of traditional fossil fuels is becoming an 
increasingly serious problem for the protection of environment. 
Air pollution in some developing nations and/or cities has 
already affected people’s health directly. Carbon emission 
which causes global warming is another problem that cannot be 
ignored. Because of the deleterious effects of fossil fuels vis-à-
vis environment and health, the exploitation of renewable 
energy and distributed generation is attracting more interest 
worldwide. Among various clean energies, wind energy stands 
out for its relatively cheaper cost compared to other renewable 
sources [1-2]. Offshore wind energy is drawing much attention 
and has been recognized as one of the most promising energy 
choices due to its enormous resources. Compared to Europe, 
where big strides have been made in this direction, offshore 
wind installation is nonexistent in Australia, even though she 
has excellent offshore wind resources by world standards. 
Some potential sites in Australia have been identified by 
researchers where offshore wind power generation may be 
feasible in the future. 
This research deals with Permanent Magnetic Synchronous 
Generator (PMSG) Wind Energy Conversion System (WECS), 
which is a variable speed wind generator. The specialty of 
PMSGs is that the excitation is provided by permanent magnets 
instead of dc power supply. PMSGs are not the most popular 
wind generators yet in today’s market, but their advantages 
have made them the most promising ones. First, a full-capacity 
power converter connected to the PMSG can process all the 
generated power, therefore the performance of the wind energy 
system is greatly enhanced compared with the Doubly Fed 
Induction Generator (DFIG). Second, with the use of the power 
converter, the generator is fully decoupled from the grid so 
their control systems are decoupled. Third, PMSGs can be 
manufactured in small sizes because of their large air gaps and 
reduced flux linkage. Fourth, the PMSG wind energy system 
can operate without a gearbox due to the use of low-speed 
synchronous generators with large number of poles [3]-[7]. 
According to the commercially used full-capacity power 
converter operated wind energy conversion systems, the most 
common converter topology for PMSGs is back-to-back 
Voltage Source Converters (VSC), back-to-back Neutral Point 
Clamped (NPC) converters [3] and diode rectifier with DC/DC 
boost converter and inverter [8]. The topology with a diode 
rectifier and a boost converter simplified the control and 
reduced the cost of the system, but the generator torque 
waveform contains ripples [4]. The NPC converter topology is 
primarily employed in medium voltage. However, the most 
frequently used power converter topology is the back-to-back 
VSC, which is applied in this paper. 
Also in this paper, MPPT generator control is realized by 
using the optimal power control (OPC) scheme to the Wind-
side Converter (WSC) through SPWM technique. For the Grid-
side Converter (GSC) control, SVPWM technique is applied to 
maintain the DC voltage to a constant value. The PMSG is then 
connected with an infinite bus and a microgrid [9]. An 
integration scheme of WECS with the microgrid and utility is 
proposed. The microgrid is connected with the WECS and 
utility through another back-to-back converter. When several 
microgrids are connected to a utility supply at several places, 
they need to be electrically isolated so that they can operate in 
islanded mode, when required. Otherwise, they become a part 
of a larger distribution system, which defeats the purpose of a 
microgrid. The back-to-back converters isolate the microgrid 
from the utility. They can provide isolation and controlled 
power transfer. The expected control outcomes of the proposed 
system are validated using the software PSCAD/EMTDC. 
II. SYSTEM STRUCTURE 
 A simple system structure with the WECS, a microgrid 
with two DGs and its local load and utility is shown in Fig. 1. 
As shown in Fig. 1 that PMSG is connected through a full scale 
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voltage converter. The wind side converter is used to control 
the active power flow from the PMSG, while grid side 
converter holds the DC capacitor voltage Vdc constant. The 
WECS is connected with infinite bus through a transformer. In 
the microgrid, DG-1 is a microturbine and DG-2 is a diesel 
generator. Real and reactive powers supplied by the DGs are 
denoted by P1 , Q1 and P2 , Q2. The WECS supplies power PWM 
to microgrid and the rest of the power (Pg) is supplied to the 
infinite bus. The microgrid is connected with Utility and 
WECS through another back-to-back converter VSC-1 and 
VSC-2.  
 
Fig. 1. System Structure. 
III. WIND TURBINE WITH PMSG MODELLING AND 
CONTROL 
A. Wind Turbine with PMSG Model 
The wind power that is captured by the blade and converted 
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where ρ is the air density, A is the cross-sectional area through 
which the wind passes, vω is the wind speed and Cp is the 
power coefficient of the blade. The parameters of the wind 
turbine used in this paper are given in Table I in the appendix. 
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where β is the pitch angle, λ is the tip speed ratio (the blade tip 
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 The wind turbine operates at the generator control mode 
when the wind speed is below the rated wind speed, and works 
under the pitch control when the wind speed exceeds the rated 
value. For the generator control mode, an MPPT control 
method is applied in this paper to capture the maximum power 
from the wind. As for the pitch angle control, a PI controller is 
employed, which is shown in Fig. 2 [11]. 
 The input is the error of the measured wind turbine output 
power Pm and the rated power Pref. The rate limiter and the hard 
limiter are to limit the rate of change and the boundary values 
of the pitch angle. The parameters of the PI controller, the rate 
limiter and the hard limiter are listed in Table II in the 
appendix. 
 
Fig. 2. Pitch control. 
According to the pitch control scheme, when Pm is equal to 
or smaller than Pref, the error is negative and β can be kept at 
its optimal value to capture the maximum power available 
from the wind based on the MPPT control. If Pm is bigger than 
Pref, the error is positive and β will regulate to limit the power 
output of the wind turbine to prevent the power from 
exceeding the designed capacity. If Pm is too big implying that 
the wind speed is over the designed cut-out speed, β will 
change to pitch out of the blade and the wind turbine will be 
shut down. 
The PMSG used in this paper is the model package which 
is available in PSCAD [12]. It is a non-salient synchronous 
generator. There is no gearbox between the wind turbine and 
the generator. The parameters of the PMSG are given in Table 
I in the appendix. 
B. PMSG Operation with Varied Wind Speeds 
To verify the modelling and control strategy applied in this 
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where vw is the wind speed available to the turbine, vm is the 
mean wind speed, k is the ramp change in the wind speed, t1 
and t2 are the starting and ending time respectively of the wind 
speed ramping duration, vES is the external wind speed of the 
wind source.  
With the PMSG connecting directly to the load without 
converters, we cannot get a constant output voltage when the 
wind speed changes. The most commonly used full capacitor 
converters applied in PMSGs are the back-to-back VSCs. Here 
converters with Insulated Gate Bipolar Transistors (IGBTs) 
are used to get the maximum power from wind energy and to 
keep the DC voltage at a constant value. 
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IV. PMSG WITH VOLTAGE SOURCE CONVERTERS 
The schematic diagram of the PMSG with voltage source 
converters based on [4, 12, 13] is shown in Fig. 3. The wind 
kinetic energy is converted to mechanical energy by the wind 
turbine and then transmitted to the generator through the drive 
train. The PMSG is connected to the WSC directly without a 
gearbox. The DC power after the WSC is converted to AC 
power by the GSC and then connected to the AC grid through a 
transformer and a short line. The grid is modelled as an ideal 
voltage source (infinite bus). The parameters of the DC line, 
the transformer and the infinite bus are listed in Table III in the 
appendix. 
 
Fig. 3. Schematic diagram of PMSG with back-to-back converter 
In general, for PMSG based WECS, in the control scheme, 
the wind-side converter controls the active power through 
MPPT, while the grid-side converter controls the DC voltage 
and reactive power to the grid [4]. The same control method is 
applied in this paper. 
A. Wind-side Converter Control with MPPT 
 To extract the maximum power from the wind energy, 
turbine blades should change their speed as the wind speed 
changes. Reference [4] gives out three methods to realize the 
MPPT control. Based on the PMSG model in this paper, to 
control the generator power, we have applied a similar method 
to Optimal Torque Control (OTC), which is named as the 
Optimal Power Control (OPC).  
The principle of the OTC is that the wind turbine 
mechanical torque T and the turbine speed ω have the 
following relationship at MPPT control 
 2ω∝T               (6) 
Assuming that the generator power is denoted by P, this is 
given in OPC as 
 3ω∝P               (7) 
It should be noted that the values of the turbine speed and the 
generator speed are equal considering that the PMSG model is 
direct drive. Fig. 4 shows the schematic diagram of the MPPT 
control through VSC rectifier, where Kopt is the coefficient for 
the optimal power that can be calculated according to the 
generator rated parameters, Pref  is the power reference, vg and 
ig are the gird voltage and current respectively. 
 
Fig. 4. Schematic diagram of MPPT control  
 The well-known Sinusoidal Pulse Width Modulation 
(SPWM) control technique is applied for the wind-side 
converter. Through the MPPT method, the dq-axis currents can 
be calculated. The dq-axis voltages can then be obtained by the 
PI controller using the current differences [4]. In this way, the 
reference voltages for the PWM control is obtained by 
transferring the voltage values of the dq-axis to the abc frame, 
so the generator power is controlled by the VSC rectifier. 
B. Inveter Control  
The Space Vector PWM (SVPWM) control [15-16] is 
applied in the inverter control to convert the DC power to AC 
power. The switches of the three-phase, two-level inverter are 
named as illustrated in Fig. 5. 
 
Fig. 5. Inverter topology  
Assume that the inverter terminal voltage is 1 when the 
upper switch is on and 0 when the lower switch is on, there will 
be 8 switching states, as shown in Fig. 6. In this figure, the 
reference voltage vector Vref rotates through the space so Vref 
can be synthetized by different base vectors (V1 to V6), which 
means that different sets of switches can be turned on and off. 
 
Fig. 6. Space vector locations for the two-level inverter  
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By using the SVPWM technique for the proposed model in 
this paper, the DC voltage of the synchronous generation 
WECS is controlled at 4.5kV. 
V. INTREGRATION OF WECS WITH MICROGRID  
In a microgrid, DGs are assumed to be operating in 
frequency droop control to share the real power amongst 
themselves according to their ratings. The droop 
characteristics are given by [17] 
 )5.0( PPmff rr −××+=              (9) 
where f and fr respectively are the instantaneous and rated 
frequency of the DGs. Whereas, rated and measured real 
powers are presented by Pr and P respectively. The droop 
coefficient is denoted by m, which is calculated according to 
the DGs ratings. Note that with the droop equation given in 
(9), the microgrid frequency will be 50 Hz when the DGs 
supply half their rated power. 
The microgrid frequency differs from 50 Hz depending on 
load. However, the frequency should not deviate more than ± 
0.3 Hz. On the other hand, the WECS and utility operate at a 
fixed frequency of 50 Hz. Therefore, to integrate WECS with 
microgrid, a back-to-back converter is used such that 
frequency isolation can be provided. 
A. BACK-TO-BACK CONVERTER 
The back-to-back converters also control power flow from 
the utility system to the microgrid. This contains two VSCs 
that are connected to a DC link capacitor. VSC-1 controls the 
voltage at the point of common coupling with the microgrid 
such that a fixed amount of power is drawn from the WECS-
utility system. The purpose of VSC-2 is to hold the DC link 
voltage constant by the required amount of power from the 
WECS-utility system. As mentioned before, the microgrid can 
operate at the frequency different from 50 Hz. Therefore, PLL 
is used to synchronize the VSC-1 with microgrid in the same 
manner as discussed in [9]. As shown in Fig. 1, the back-to-
back converters facilitate the power PWM flow the WECS and 
utility to the microgrid. 
VI. SIMULATION STUDIES  
Simulation studies are carried out in PSCAD/EMTDC in 
which different patterns of wind speed and local load of 
microgrid are considered. In the microgrid, the DGs are 
considered as inertial and non-inertial sources to supply its 
local load. The droop coefficients are chosen such that DGs 
can share the power according to their rating. The parameters 
of droop control and rating of DGs are given in Table IV. The 
results are discussed below. 
A. Case 1: WECS at constant speed with MG and Utility 
For this case, it has been assumed that the microgrid and 
the WECS-utility systems are operating in their steady state, 
when they are connected together at 2 s. PWM is chosen as 300 
kW. The real power flowing through the various parts of the 
system is shown in Fig. 7. It can be seen from this figure that 
the load power PL remains constant after the connection, while 
the power supplied by the DGs reduces proportionally, i.e., in 
the ratio 1:2. The frequencies of the DGs are shown in Fig. 8. 
We can see from this figure that, as PWM starts flowing to the 
microgrid, the DGs frequencies start increasing. They settle at 
a value that is higher than 50 Hz, indicating that the DGs are 
supplying less than half of their rated power. 
 
Fig. 7. Real power sharing amongst DGs with WECS power towards 
microgrid in Case 1. 
 
Fig. 8. Frequencies of DGs in Case 1. 
 
B. Case 2: WECS at variable speed with MG and Utility 
In this case, the wind speed of the WECS is varied. 
Initially the wind speed is constant at 10 m/s. Then 10 s, it 
starts ramping up to 12 m/s till 12 s. This is shown in Fig. 9. 
As a consequence, the output power of WECS changes as 
shown in Fig. 10. Once wind speed increases the output power 
of WECS PW and the power flowing towards the infinite bus 
Pg also increase. However since the power PWM is regulated to 
a fixed set point by the back-to-back converters, it remains 
constant despite increase in the wind speed. 
C. Case 3: Load variation in MG with WECS  
With the entire system operating in the steady state, the 
microgrid local load is increased by 100 kW. The results are 
shown in Figs. 11 and 12. It can be seen from Fig. 11 that the 
power PWM remains constant, while the power supplied by the 
DGs (P1 and P2) is raised in accordance with their ratings to 
meet the increased load demand. The frequencies of DGs are 
reduced as power supply from DGs increases. These are 
shown in Fig. 12. 
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Fig. 9. Wind speed in Case 2. 
 
 
Fig. 10. Power flow from the WECS to the utility and microgrid in Case 2. 
 
 
Fig. 11. Real power sharing amongst DGs with WECS power towards 
microgrid in Case 3. 
 
Fig. 12. Frequencies of DGs in Case 3. 
 
D. Case 4: Tripping of WECS 
Usually wind turbines operate when the wind speed 
exceeds 4-5 m/s, and is shut off at speeds exceeding 25 to 30 
m/s [19]. If wind speed is less than the cut in speed or higher 
than the cut off speed in that case WECS will disconnect from 
the utility. For this case, the wind speed is reduced from 10 
m/s to the cut in speed as shown in Fig. 13. Therefore, the 
power PW from WECS becomes zero after 17 s. However, 
power PWM remains constant and this power now flows from 
the utility. The power Pg, PW and PWM are shown in Fig. 14. It 
can be seen that as PW drops Pg also drops. Once PW becomes 
zero Pg becomes negative and equal to PWM since power flow 
from the utility is now reversed towards the microgrid. 
 
Fig. 13. Wind speed in Case 4. 
 
Fig. 14. Power flow in system in Case 4. 
VI. CONCLUSIONS 
 
In this paper, an integration strategy of WECS with 
microgrid and utility is proposed. For MPPT control Optimal 
Power Control (OPC) scheme is used to draw maximum 
possible power from the wind energy. Variable wind speed is 
considered and a wind turbine tripping case is also studied. A 
back-to-back converter is used to control the constant amount 
of power from WECS and utility towards microgrid. The 
developed control strategy is validated through computer 
simulation using PSCAD/EMTDC. 
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APPENDIX 
TABLE I.   WIND TURBINE AND PMSG PARAMETERS 
Parameters Names Parameter Values 
Rotor radius 58 cm 
Air density 1.225 kg/m3 
Rated wind speed 12 m/s 
Rated mechanical power 5.0 MW 
Rated apparent power 5.217 MVA 
Rated line-to-line voltage 3 kV 
Rated frequency 10 Hz 
Number of pole pairs 49 
TABLE II.   PITCH CONTROL PARAMETERS 
Parameters Names Parameter Values 
Proportional gain 100 
Integral time constant 0.001 s 
Maximum increase rate 1000 [1/s] 
Maximum decrease rate 1000 [1/s] 
Upper limit 60 [deg] 
Lower limit 0 
TABLE III.   RELATED PARAMETERS OF BACK-TO-BACK CONVERTER   
Parameter Names Parameter Values 
DC line resistor 0.05 ohm 
DC line inductance 0.002 H 
Transformer capacity 20 MVA 
Transformer line voltages 3 kV / 35 kV 
Infinit bus voltage 35 kV 
 
TABLE IV.  PARAMETERS OF THE DGS CONNECTED TO THE MICROGRID 
System Quantities Values 
DG1 Feeder impedance Rf1 = 3.025 Ω, Lf1 = 57.8 mH 
DG2 Feeder impedance Rf2 = 3.025 Ω, Lf2 = 57.8 mH 
DG3 Feeder impedance Rf3 = 3.025 Ω, Lf3 = 57.8 mH 
DG Rated Power MT: 250 kW, DGEN: 500 kW 
Droop Coefficient (Frequency–Voltage) 
m1 0.015 rad/MWs 
m2 0.0075 rad/kWs 
n1 0.04 kV/MVAr 
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